This PDF file includes: 
This PDF file includes: Fig. S1 . UV-vis absorption spectrum of 3D and 3D/2D perovskite films and geometry of FEA + cation. A, UV-Vis absorption spectra of a 3D perovskite film and a 3D/2D perovskite film. The identical spectra prove that the FEAI-treatment merely change the absorption behavior of the perovskite film. B, DFT geometry optimization result of FEA + cation. The blue fluorescent area refers the existence of fluorine. It is observed that the distribution of fluorine is conformal and homogeneous, and Lead (B) and iodine (C) XPS in-depth profiling of a 3D/2D bilayer perovskite film. The abundance of both element increases within the first two minutes. A silicon wafer is used as the thickness-sputtering time, with the correlation factor of 4.4 nm min -1 . From Fig. 1f and fig. S3 , we conclude that the thickness of the 2D perovskite is close to 9 nm. Supplementary Note 1. The calculated PL quenching efficiencies for 3D and 3D/2D perovskites are 92% and 99.3%, respectively. Also, it is implied from the integration that the compared to neat 3D perovskite, the PL intensity of 3D/2D bilayer perovskite is 5-fold higher, while 3.5-fold lower for the corresponding perovskite with HTL, inferring that our 2D treatment significantly increases the film quality of the 3D perovskite, as well as increased extraction of holes from the perovskite to HTL. The PL quenching of the perovskite was quantified for p-type charge collection layers contacting the perovskite absorber. The PL quenching efficiencies were calculated by integrating the PL spectra over wavelength and comparing with that of the neat perovskites. We note that this is not measured in an integrating sphere, so the PL quenching results only represent an estimation of the quenching efficiency (31). The valance band edge of the 3D and 2D perovskite are measure according to a literature reported method (10.1021/jz502039k). According to the onset of the bias voltage versus gold, the estimated VBM of our triple cation 3D perovskite is ~ 5.5 eV, and 2D perovskite ~5.6 eV. The results prove the VBM of the 2D perovskite ~ 100 mV more negative compared to the 3D perovskite. We also note that our control PSCs contain a thin layer of yellow FAPbI 3 between 3D absorber layer and HTM as established by X-ray scattering experiments. Given the photovoltaic inactive property of the zero-dimensional yellow FAPbI 3 (10.1039/c5ee03255e), the 2D perovskite layer allows relatively better extraction of holes as compared to the yellow FAPbI 3 phase present at 3D/spiro-OMeTAD interface. In summary, we emphasize that the hole extraction study carried out here is a comparative analysis and conclude that more favorable charge extraction is achieved with 3D/2D architecture. Fig. S5 . Hole injection dynamics and band diagram of the 3D/2D perovskite system. A. TRPL decay traces recorded from a 3D/2D and a 3D perovskite film. After 2D treatment, the TRPL decay is much faster than the untreated, implying an improved hole injection process. B. IV curves of 3D and 2D perovskite with architectures of FTO/thin meso-TiO2/Perovskite/Spiro/Au. C. Energy diagrams of the 3D/2D perovskite device. . Impedance spectroscopy and capacitance measurement of 3D and 3D/2D PSCs. A, Nyquist plot representation of impedance data recorded at 900 mV. Notably, variations in R1 are expected to mainly stem from contributions of cable and contact resistances and were therefore excluded from further discussion. Due to negative capacitive contributions in our EIS data, a complete fit of the Nyquist data is non-trivial (36). For this reason, we chose to fit only the first semicircle with a R1 + R2//C1 equivalent circuit to extract R2. B. Plot of device total capacitance against voltage. The negative capacitance of pristine 3D PSC in the range around MPP suggests the occurrence of ionic migration. In contrast, the conformal 2D layer on top of the 3D perovskite is seen to suppress this effect around MPP. To prove the enhanced stability of the FEAI-based 3D/2D PSC compared to the non-fluorinated PEAI-based analogue, we firstly compare the contact angle of water on both types 3D/2D perovskite films. Although surface treatment of 3D perovskite by the nonfluorinated 2D-A cation PEAI increased the contact angle from 46.8 o to 78.0 o , the 2D/3D surface retains a hydrophilic character. On the other hand, the FEAI-based 3D/2D perovskite exhibits an ultra-hydrophobic behavior with a contact angle larger than 90 o . Therefore, the FEAI-based 3D/2D PSC should be more water/humidity resistant than the PEAI treated one. We checked this by testing the stability of bare, PEAI-based and a FEAI-based PSCs under exposure to relative humidity over 90% where water drops start to condense. Data are shown in figure S11 . The PCE of the FEAI-based PSC is much more stable under such harsh condition compared to PEAI and bare PSC, proving strongly enhanced moisture stability of FEAI based 3D/2D PSC. 
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Supplementary Note 4.
Due to the hydrophilic nature of the organic-inorganic halide perovskite, the neat 3D perovskite film is wetted by the water drop immediately with an observed contact angle θ of 50.2 o . Due to the ultra-hydrophobic nature of FEA 2 PbI 4 capping layer, the contact angle of the 3D/2D bilayer perovskite film is increased to values as high as 96.0 o , thereby a significant lotus effect is observed, showing that humidity from the ambient air is effectively deterred from the perovskite. We derive the surface free energy γ SV of the perovskite film from the Neumann's equation:
with the surface tension of water γ LV = 72.0 mJ/m 2 and the Neumann's constant β = 0.000115 m 2 /mJ. We obtain the surface tension values of the FEA 2 PbI 4 treated 3D/2D perovskite and untreated 3D perovskite of 24.3 mJ/m 2 and 54.7 mJ/m 2 respectively. Thus our treatment which constitutes an over two-fold decrease of the surface tension with the application of our treatment. In a drastic experiment, a FEA 2 PbI 4 sample is completely submerged into water for a duration of 1 h and characterized before and after. The contact angle of the pure 2D perovskite film is also measured and the result show that pure 2D and 3D/2D bilayer perovskite give similar contact angle, implying that the surface properties of the 3D/2D perovskite is similar to the pure 2D form. 
